were maintained in culture for more than 6 nmnths. The cultured cells synthesized and secreted proinsulin and insulin; and responded to cyclic AMP (I raM) and tolbutarnide (i raM) stimulation with increased insulin release. In. culture, these cells did not respond to stimulation by high concentrations of glucose (300 rag%) or by glucagon (10 ixg/mI).
Introduction
Studies in vitro on the differentiation, growth and regeneration of pancreatic fi-cells make use of shortterm organ cultures of embryonic, fetal, or adult panereatie islets [1--5] or short-term monolayer cultures of neonatal pancreas [6] . Cultured tumor cells from functional islet adenomas offer an alternative system for such studies with the possibility of establishing a permanent functional islet cell line. In 1935, Murray and Bradley [7] studied the in vitro growth characteristics of explants from two human islet-cell adenomas for 5--6 weeks. Sando et al. [8] recently reported briefly on a culture of human islet tumor fl-eells which survived for over 2 months and incorporated radioactive amino acid into proinsulin and insulin. In both instances the functional response of the culture to stimuli of insulin secretion was not investigated. The experiment.s reported here were carried out to examine some of the functional capacities of islet tumor eelN maintained in culture. The cultured cells synthesized and secreted insulin and proinsulin; and responded to cyclic AMP (1 mM) and tolbutamide (t mM) with increased insulin release. glucose in the medium was 100 mg%. Growth medium was replaced in each culture at 5-day intervals. The amount of insulin secreted into the medium by the cultured islet cells (IRI, total immunoreaetive insulin) was determined by radioimmunoassay [11] . The coneentration of I R I in fresh growth medium without tumor cells was negligible. Cells were maintained in culture for over 6 months.
Materials and Methods
Cells from 2 human insulinomas were dissociated at, room temperature by digestion with eollagenase (0.05%) and hyaluronidase (0.1%) in Eagle's Minimal Essential Medium [9] at p H 7.2 with stirring for 15 min. Large tissue fragments were removed by sedimentation at unit gravity and the dissociated cells were recovered from the supernatant by eentrifugation. The cells were resuspended in 75 em ~ plastic tissue culture bottles (Falcon) containing 10 ml Ham's nutrient F 10 medium [10] supplemented with horse serum (15%), fetal calf serum (2.5%), penicillin (200 U/ml) and streptomycin (200 Bg/ml) and incubated at 37 ~ in a humidified atmosphere of air-CO~ (95:5 v/v). The concentration of Fig. 1 ). During the course of our study the numbers of round cell colonies in the culture vessels seemed to increase. During the early period after the cells were put into culture, the accumulation of IgI in the medium decreased rapidly, and stabilized after 25 to 30 days (Fig. 2a) . The initially high level of IRI released may have been due to cell damage and cell death. ~Mter this initial period, the IRI in the medium appeared to represent the secretion of insulin by the surviving tumor cells. Fig. 2b illustrates the timedependent process of hormone accumulation in the medium during a 5-day period.
Glucose and cyclic AMP stimulate insulin release from islets of pancreatic fl-eells by mechanisms which are not well understood. Glucagon and tolbutamide also stimulate insulin release, apparently by increasing the intraeellular concentration of cyclic AMP [12] . Glueagon and tolbutamide can activate adenylate eyclase in homogenates of fresh human islet adenomas [13] . As shown in Table l , the tumor cells in culture did respond to the addition of cyclic AMP or tolbutamide with increased release of insulin. Upon removal of the stimulant, the amount of insulin released returned to levels found prior to stimulation. A replicate eulture of eelis from the same patient maintained a stable rate of insulin release over the test period. Inasmuch as the tumor cells can respond to tolbutamide and cyclic AMP the adenylate cyetase system and the system responsive to cyclic AMP may be functionally intact. The experiment was carried out on tumor cells from patient T after 15 days in culture. The compounds were added to the medium at the time of medium change, i.e., cyclic AMP on the 25th day and tolbutamide on the 51 st day, and were not removed until the next medium change. The values in brackets were from a parallel culture but without the addition of cyclic AMP or tolbutamide.
Glucagon (10 Fg/ml) added to 2-month old cultures of tumor cells did not cause an increase in I~I in the medium. The abseace of glucagon sensitivity may reflect the inability of glucagon to activate adenylate cyclase within the cultured tumor ceils. Similarly, high concentrations of glucose (300 mg%) did not stimulate the release of insulin by cultured tumor cells when tested on the 15th or 19th day of culture. It is not known if the presence of contaminating fibroblasts might have contributed to this insensitivity. In contrast, glucose did. stimulate insulin secretion in short-term monolayer cultures of neonatal rat pancreas
[6].
When incubated with ~-leucine, the tumor cells in culture incorporated the radioactive amino acid into both proinsulin and insulin, indicating that they were active in the biosynthesis of the hormone (Fig. 3) . The low level of radioactivity incorporated was due to the nearly thousand-fold dilution of the specific radioactivity of ~I-I-leucine by nonradioactive leucine in the medium. DNA, I%NA, and total protein synthesis were not measured in these cultures because of the limited Fig. 3 . Incorporation of aH-leucine into proinsulin and insulin by islet tumor cells in culture. 30 ptCi of ~i-I, Ieueine (specific radioactivity 40 Ci/mmole) were added to a 36-day old culture. After 18 h, the medium was removed and the ceils were washed 3 times with fresh medium. The cells were resuspended in 5 ml of medium and were precipitated with 5 ml of 30% triehloroaeetie acid (TCA). The precipitate, after washing with 10~/o TCA, was extracted with acid alcohol. The acid alcohol was evaporated to dryness, and the residue was dissolved in 3 M acetic acid and chromatographed on a column of Biogel P-30 preealibrated with proinsulin and insulin as indicated by the arrows Fig. 4. a) . Proinsulin and insulin in culture medium. Tumor cells were from patient S. 2 ml of the medium obgained at, the time of medium change at 36th day were extracted with Meohol and partially purified as described [14] before gel filtration on a column (1.5 em• 90 em) of Biogel P-30 in 3 M acetic acid. The column was precMibrated with radioactive bovine proinsulin and insulin as indicated by the arrows, b) Proinsulin and insulin in extracts of normal pancreas (O--9 ), islet adenoma (o --o), and pre-operative serum (D--[~) from fasting patient T. The normal pancreatic tissue and the adenoma were extracted by the method of Davoren [ 18] . Serum was extracted as described above for the culture medium. Gel filtration was performed as indicated above amount, of fl-cells obtained from the two tumors and because of the presence of contaminating fibroblasts. As illustrated in Fig. 4a , the IgI released by the cultured tumor cells from patient S consisted mostly of insulin with a small amount of proinsulin as identified by their elution volumes from gel-filtration and by their immunoreactivity to anti-insulin antibody. In contrast, the IRI in serum samples from fasting patients T and S before the removal of the tumor contained a large proportion of proinsulin (for example see ?~ig. 4b). High serum levels of proinsulin in patients with islet adenomas also have been observed by other investigators [t4- -16] . The ra~io of proinsulin to insulin in an extract of the fresh tumor from 10atient T was higher than that found in the extract of a normal piece of pancreas from the same patient, but much lower than that found in his serum (Fig. 4h) . These observations support the suggestions of Gorden et el. [16] that the high ratio of proinsulin to insulin in sere of patients with islet cell adenomas may be the result of a slower clearing rate of proinsulin from the circulation. It is not, known if the insulin or proinsulin in these tumors was different from normal insulin or proinsulin. Arnold et el. [17] have recently reported immunohistotogieal findings suggesting differences between insulin in normal human islets and insulin in human insulinomas.
In conclusion, we have shown that dissociated human islet tuner ceils can be kept in culture for long periods of time; that they can synthesize and release immunoreaetive insulin; and that they are responsive to certain stimuli of insulin secretion.
